Introduction
The nitrogenase system of the Rhodospirillaceae is reversibly inhibited in vivo by ammonia. The bio chemical mechanism of this phenom enon in Rhodospirillum rubrum is due to the enzyme catalyzed attachment and removal of an adenine like moiety from the dinitrogenase reductase [1] . It has been also shown that, depending on the nitrogen source, nitro genase can be found in vitro in either an active or an inactive form. The inactive form (R) was obtained from cells grown with glutamate or N 2 [2, 3] , while the active form (A) was obtained from N-starved cells [4 -6 ] . Yoch and Cantu [7] suggested a model for the regulation of nitrogenase in R. rubrum where the conversion of nitrogenase A to nitrogenase R was obtained by the addition o f am m onia to Nstarved cells. This model has been m odified, since Preston and Ludden [8] , Gotto and Yoch [9] showed that ammonia switch-off resulted in a change in the subunit composition of dinitrogenase reductase and incorporation of 32P 0 4 into one subunit.
There are also some discrepancies in the litera ture as to whether nitrogenase activity of N-starved cells of the Rhodospirillaceae is susceptible to ammonia switch-off [7, 10, 11] . Very recently Alef and Kleiner [12] showed that this effect was not shown under N-starvation in several strains, Rhodo pseudomonas capsulata AD 2 was an exception, since the nitrogenase of which was always susceptible to switch-off by ammonia. We report here studies on the regulation of nitrogenase activity in this strain and show the main differences to the other R hodo spirillaceae.
Materials and Methods
Rhodopseudomonas capsulata AD 2 and B10 were grown with thiam ine as vitamine source [13] and illumination of 100 p. Einstein m~2-S~'. As nitrogen source 10 m M glutam ate, N 2 or 10 m M nitrate were used. N-starved cultures were grown with 1 m M ammonia, 1 m M glutam ate or 1 m M nitrate (no gas phase) and collected after 67 h (total exhaustion of N-source). Nitrogenase in whole cells was measured using the C2H 2 reduction technique, with 40 m M malate as electron donor and illum ination of about 376 |i Einstein m -2 • S_l and in vitro similarly as de scribed [3] using cell-free extracts obtained after disruption by a Frensch press and centrifugation (20 min, 30000 x g). Protein was determ ined accord ing to ref. [14] .
Results and D iscussion
In contrast to the other Rhodospirillaceae [12] , Fig. 1 shows that nitrogenase activity in N-starved R. capsulata A D 2 cells was inhibited completely by ammonia, this switch-off was obtained in contrast to R. rubrum [11] -in high light (376 (i Einstein m -2 -S-1) without any lag phase. that the activity in R. capsulata BIO, as a com par ison remained unaffected. These cultures had more than 5-fold higher nitrogenase activity than the nitrogen grown cultures. The switch-off effect was also found in R. capsulata AD 2 cells grown with glutamate, nitrate and nitrogen.
In contrast to R. palustris [ 15] the nitrogenase activity in N-starved R. capsulata AD 2 cells was also inhibited by glutamine. G lutam ate (10 mM) and m ethylam ine (5 mM) had no effect. F urther more the addition of m ethionine sulfoximine (MSX) as glutam ine synthetase inhibitor at concen trations between 0.2 -5 mM to N-starved cultures of R. capsulata AD 2 caused almost a complete abolishm ent o f the inhibition by am m onia but not of that caused by glutamine. This shows that the switch-off effect is caused by glutamine or another assimilatory product and not by ammonia.
We conclude that the switch-off effect in this strain is independent of the N-source, N -starvation and the degree o f derepression o f the nitrogenase in the cells.
Previously [13] we found that the transfer of R. palustris from gas phase of N 2 to one of argon was accompanied by a gradual increase in nitrogenase activity and gradual loss of switch-off. In R. cap sulata AD 2, however, these effects were not ob served. This may be due to the possibility that N 2 grown cells of R. capsulata AD 2 would be differ ently regulated at the genetical level than R. palustris or to inactivation of the nitrogenase which could be less stable than that in R. palustris.
In contrast to R. rubrum [6] and R. capsulata B 10 [16, 4] , R. capsulata AD 2 cells grown with glutamate (10 mM) possess fully active nitrogenase in vitro, added Mn2+ had no stim ulating effect, while the nitrogenase in extracts from nitrogen grown cells was largely inactive and siginificantly stim ulated by Mn2+ (Fig. 2) . The nitrogenase obtained from Nstarved cultures of R. capsulata AD 2 and B10 was always active and unaffected by the addition of Mn2+.
Ludden (personal com m unication) proposed that the inactivation of nitrogenase from glutam ate or nitrogen grown cells of R. rubrum in vitro occurred during the collection of the cells in the dark. Our results give an evidence that 1) the nitrogenase from R. capsulata AD 2 gluta mate grown cultures was stable during the collec tion of the cells in the dark. 2 ) the active form o f nitrogenase is not necessary bound to N-starvation.
However the results obtained with cells grown with N 2 (Table I) indicate that the continued pre sence of N 2 seems to be im portant for the synthesis of the inactive form o f the enzyme.
Gotto and Yoch [9] reported that upon addition of am monium to N -starved cells o f R. rubrum, the active form of nitrogenase was converted to the in active form followed by a change in the subunit composition. Our data presented here (Table I) show that the enzyme in extracts of either glutam ate grown or N-starved cultures o f R. capsulata AD 2 was fully active, even if the cells had been treated with ammonium prior to harvest and had no in vivo activity. Furtherm ore when the enzyme was m ea sured under activating conditions (added M n2+) or non activating conditions (no M n2+) no differences in activity was found (Fig. 2) . Table I shows that the sensitivity of nitrogenase in vivo to inhibition by ammonia does not correlate with the enzyme activ ity in vitro. These observations differ from that found in R. rubrum by G otto and Yoch [9] .
Since the switch-off effect was completely in dependent of the two forms of the nitrogenase in R. capsulata AD 2, the biochem ical m echanism of this phenomenon proposed by Ludden and Burris [1] cannot explain our observations. Further studies are needed to provide insights into the mechanism of the short-term regulation of nitrogenase in this strains, specially a com parison of the amino acid pools in cells grown under different growth conditions, characterization of the dinitrogenase reductase and the activating system in cells grown with glutamate and under N-deficiency.
